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The influence of calcium and temperature on pure lipid (bovine brain PC, sulphatides, ganglioside GTIb), valinomycin 
and mixed lipid-valinomycin monolayers at the air/water interface was studied. In mixed films, evidence was found that 
the two components were miscible. On the other hand, at higher surface pressures, phase separation occurs in the cases 
of PC and sulphatides. Measuring the area requirement and the collapse pressure the stability of both lipid and the pep- 
tide was increased in particular due to ganglioside-valinomycin interaction. The addition of 10 -5 M calcium into the 
subphase at 20 and 37°C and surface pressures of 10 and 20 mN/m led to a condensing effect in ganglioside mixtures, 
with formation of aggregates a indicated also by the nearly ideal behaviour of two component monolayers. 
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1. INTRODUCTION 
In biological membranes the lipids are assumed 
to be laterally distributed and changes in their 
composition and distribution could be responsible 
for effects on peptides. The nature of the interac- 
tion between lipids and membrane peptides, 
however, is still an open question. Investigations 
on monolayers as artificial and simple semimem- 
brane systems might be a possible means of analyz- 
ing the physicochemical behaviour of different cell 
membrane molecules and their mutual interac- 
tions. This method reflects the lipid asymmetry 
between the outer and inner leaflet of the mem- 
brane bilayer and suggests that each of these layers 
is to some extent independent of the other in its 
physicochemical properties [1,2]. Gangliosides are 
glycosphingolipids containing different numbers 
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of negatively charged sialic acids. These molecules 
are highly enriched in nerve cell membranes of 
vertebrates and might be intimately involved in 
neuronal functions. The effect of gangliosides on 
functional membrane proteins has been intensively 
investigated [3], but their direct relation to mem- 
brane properties still remains open. With regard to 
synaptic transmission, calcium-ganglioside com- 
plexes may act as neuromodulators, in particular, 
under different environmental conditions [4-6]. 
Sulphatides, negatively charged glycosphingo- 
lipids without sialic acid, are important consti- 
tuents of myelin membranes and phosphatidylcho- 
line is one of the most important lipid components 
of cell membranes. 
In experimental membrane research the 
cyclododecadepsipeptide, valinomy~in, can be 
regarded as an important example of a diffusible 
ion carrier consisting of a hydrophobic exterior 
and a polar interior ring. 
In this study, the interactions of glycosphin- 
Published by Elsevier Science Publishers B.V. (Biomedical Division) 
158 00145793/88/$3.50 © 1988 Federation of European Biochemical Societies 
Volume 233, number 1 FEBS 
golipids (ganglioside GT lb ,  sulphatides) and phos- 
phatidylcholine with val inomycin in mixed mono-  
layer films were investigated, by recording the sur- 
face pressure/molecular area isotherms. We expect 
that the average area/molecule is modif ied as a 
consequence of  lipid-peptide interactions which 
may be modified in some cases by addition o f  
calcium and by change of  temperature. 
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2. MATERIALS  AND METHODS 
The trisialoganglioside, GTIb, was purchased from Biosynth 
AG (Staad, Switzerland), sulphatides and bovine brain lecithin 
were obtained from Sigma (Mfinchen, FRG), and valinomycin 
was obtained from Boehringer-Mannheim (Mannheim, FRG). 
Monolayers were formed on 5 mM triethanolamine (TEA)/HCI 
buffer (pH 7.4) as a subphase containing 0.01 mM CaC12 in 
some cases. The surface pressure/area isotherms were measured 
at three temperatures (10, 20 and 37°C). A rectangular Teflon 
trough (area, 345 cm2; depth, 0.8 cm) was used, with a constant 
compression rate of 20 cm2/min. The surface pressure was 
measured with a Wilhelmy balance, using a filter paper. All in- 
dividual samples and mixtures had a concentration of 1 mM 
and were spread as solutions in chloroform/methanol (2:1, 
v/v) by means of a Hamilton syringe. Further details have been 
described in a previous paper [7]. 
3. RESULTS AND DISCUSSION 
The surface pressure/area isotherms of  lipids 
and valinomycin and the influence of  temperature 
(10, 20 and 37°C) and 0.01 mM CaC12 on the sur- 
face behaviour of  pure monolayers are shown in 
fig.1. During compression of  films, the 
glycosphingolipid isotherms exhibited a shoulder, 
which can be interpreted as a transition between a 
l iqu id-expanded and a l iquid-condensed phase 
[8-10]. At 37°C, no phase transition is observed, 
and the collapse pressure is reduced for all lipid as 
compared to 10 and 20°C. In the case of  
sulphatides, the curves are shifted to lower values 
of  area/molecule at a given surface pressure and 
the collapse pressures increased as compared to the 
ganglioside, due to the decreased number of  car- 
bohydrate residues. This is qualitatively in agree- 
ment with Maggio et al. [11], insofar as the 
introduction of  negatively charged sialyl residues 
causes a decrease of  the collapse pressure. General- 
ly, in the presence of  Ca 2+, a condensing effect on 
glycosphingolipid films could be detected, the 
phase transitions occurred at lower surface 
pressures and the collapse pressures increased 
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Fig.l. Surface pressure/area isotherms of Gx~b (a), Slph (b), 
PC (c) and valinomycin (d) at different emperatures: 10°C 
( - - - ) ;  20°C ( ); 37°C (...). Subphase: 5 mM 
triethanolamine/HCl buffer (pH 7.4) with and without CaCl2. 
significantly. The surface pressure/area isotherms 
for PC showed rather condensed films under all 
conditions tested and nearly no temperature- and 
calcium-dependent variations were detected. 
Valinomycin monolayers were only slightly af- 
fected by changes in temperature and calcium. 
This may simplify the analysis for mixtures of  the 
peptide and lipids, since only the molecular areas 
o f  the lipids are influenced by both parameters 
[12]. 
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Mixed monolayers were formed with 
lipid/valinomycin molar ratios between 40:1 and 
1 : 2. Surface pressure/area isotherms are presented 
in fig.2. The recorded surface pressure follows the 
same curve upon expansion as on compression, 
showing that there are no relaxation processes in- 
volved in the measurement of the surface 
pressure/area isotherms under our conditions. 
The mixtures lecithin (PC)/valinomycin and 
sulphatides (Slph)/valinomycin show a similar 
behaviour, whereas mixtures of the ganglioside 
GTlb/valinomycin behave differently. The col- 
lapse of the peptide clearly occurs at the same sur- 
face pressure (around 30 mN/m) in mixtures with 
PC and Slph, independent of the molar fraction of 
the peptide. The collapse pressure of the lipid is 
only slightly influenced by the presence of the 
peptide. 
In contrast, for mixed monolayers of GTlb and 
valinomycin this collapse moves gradually to 
higher surface pressures with an increasing frac- 
tion of the ganglioside. The collapse pressure of 
the lipid is also influenced by moving up from 
50 mN/m (GTlb/val -- 1:2) to 65 mN/m (GTlb) 
in the presence of Ca 2+. 
These results indicate a stronger interaction be- 
tween the ganglioside and valinomycin than be- 
tween the phospholipid or sulphatides and the 
peptides, respectively. In fact, the peptide and the 
phospholipid or sulphatide may not form a mixed 
monolayer but may be organized in separate 
phases, whereas GTlb and valinomycin may form 
a mixed monolayer. Two criteria can be applied to 
characterize the monolayers with respect to 
miscibility: additivity rule for the mean area and 
the dependence of the collapse pressure on the 
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Fig.2. Isotherms of mixed monolayers lipid-valinomycin with different molar ratios: (a-c) without; (d) with 0.01 mM CaCI,. The pure 
glycosphingolipids exhibited a lower collapse pressure without calcium and a higher collapse pressure with CaCIz than that of the 
mixtures. 
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mole fraction of one component. The additivity 
rule is expressed by [13], 
Amix = J~ ip  .Alip + fval "Aval 
where Amix is the mean molecular area of the mix- 
ture, f values are the mole fractions of the two 
components, and A values are the molecular areas 
of the pure component films. A deviation from the 
additivity indicates mixing of the components. 
When the results are in agreement with the ad- 
ditivity rule, the system could be ideal, i.e. ideal 
mixing without interaction terms, or a phase 
separated system. Then, the criteria of the 
dependence of the collapse pressure have to be ap- 
plied. A constant collapse pressure with variation 
of the composition indicates phase separation, 
whereas a continuous change of the collapse 
pressure with an increasing fraction of one compo- 
nent is taken as evidence for homogeneous mixing. 
The mean areas at 10 mN/m and 20 mN/m are 
plotted in fig.3 vs the fraction of valinomycin for 
mixtures of the peptide with the three lipids in the 
absence and the presence of Ca 2+. In the case of 
the phospholipid PC deviations from additivity to 
larger mean areas are observed both in the absence 
and presence of Ca 2+. This effect is more pro- 
nounced with the sulphatides. This is compatible 
with the formation of mixed films with a positive 
free energy of mixing at the surface pressures of 10 
and 20 mN/m, respectively. However, the collapse 
pressure attributed to the valinomycin is indepen- 
dent of the fraction of the peptide in monolayers 
of both lipids (see fig.2). This leads to the conclu- 
sion that phase separation occurs in mixed 
monolayers of valinomycin with PC and 
sulphatides, respectively, athigh surface pressures. 
With monolayers of the ganglioside GTlb,  the 
deviation of the mean area from additivity is 
negative in the absence of Ca 2+. In the presence of 
Ca 2+, the behaviour is nearly ideal. From the 
isotherms (see fig.2) it is seen that the collapse 
pressure of valinomycin increases teadily with an 
increasing fraction of GTlb  in the mixture. 
Therefore, as already shown for the gangliosides 
GM1 and GDla  [14], GT lb  and valinomycin form 
mixed monolayers with a homogeneous distribu- 
tion of the components. 
In the presence of Ca 2+, however, the condens- 
ing effect on the GTlb  should lead to formation of 
ganglioside associates like dimers and higher ag- 
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Fig.3. Interaction of lipid (PC, sulphatides, GTIb) and 
valinomycin. Mean molecular areas (y-axis) of mixed 
monolayers atsurface pressures of 10 (e) and 20 (m) mN/m. 
'Ideality lines' at 10 mN/m ( - - - )  and 20 mN/m ( ) 
Irepresent values calculated according to the additivity rule 
([Gaines), i.e., the components are immiscible (phase 
(6eparation). Deviations (positive and negative) from ideality 
indicate miscibility of the components. 
gregates that do not build up a separate phase. 
Such a situation is in agreement with the strongly 
reduced deviation from ideal behaviour in the 
presence of Ca 2+, with respect to monolayers in the 
absence of Ca 2+. 
The possible involvement of gangliosides in the 
calcium-dependent short-term process of synaptic 
transmission and long-term thermal adaptation 
might be based on modulatory functions of 
gangliosides in nerve membranes [5]. In agreement 
with earlier results, our monolayer experiments 
demonstrate the stability, miscibility and phase 
separation of important membrane components, 
particularly gangliosides, in mixed monolayers. 
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Depending on the molar ratio, temperature and 
surface pressure, the availabil ity or absence of free 
calcium could lead to local membrane variations 
like aggregate formations. Compared with 
phosphatidylcholine and sulphatides, there seems 
to be a more sensitive balance in ganglioside- 
peptide interactions, and this could have an effect 
on activation or inhibit ion of functional mem- 
brane proteins. 
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